work (Leow et al., 2016) , participants were not informed that the rotation was removed, in order to ensure close adherence to the previous M1 TMS study (Hadipour-Niktarash et al., Each trial began with a visual word cue "Relax" to prompt participants to relax their to the edge of the computer screen (10 cm) at 300 ms prior to the 4 th audio beat. Participants
were given post-trial feedback on whether the movements were too early (<150ms) or too late
(>350ms) to encourage consistent movement onsets and, as a result, consistent preparation
time. We selected 350ms as a cutoff because piloting showed that it was very difficult to 1 5 8 move accurately to the target using the wrist manipulandum at briefer cutoff times. The cursor gain was set such that 20 N was required to reach the edge of the screen. The 8 targets 1 6 0 appeared in a random order within every cycle of 8 trials to prevent participants from
anticipating the location of upcoming target. Single-pulse TMS was used to elicit motor evoked potential (MEP) responses from coil was held tangentially on the scalp with the handle pointing backwards and 45° away location that elicited the largest and most consistent MEP response was determined and resting motor threshold (RMT) for each participant was determined as the minimum stimulus Data reduction was performed using custom Matlab software (Mathworks). Forces in 1 8 5
x and y axes were transformed to screen coordinates (e.g. cursor position) and filtered using a were estimated from the tangential speed time series (Teasdale et al., 1993) . Movement onset and its position 100 ms later, which is sufficient to prevent the use of online feedback
mechanisms to correct cursor trajectory (Desmurget & Grafton, 2000) .
Statistical analyses were run on cycle-averaged data, with 1 cycle defined as 8 trials.
The dependent variable of interest was directional error, which was defined as the difference
between movement direction and target direction. Intersubject differences in baseline
directional biases (Ghilardi et al., 1995) , are known to affect adaptation behaviour [36] [37] [38] .
Directional errors were bias-corrected by subtracting directional errors from the mean of the
first 6 cycles (we did not bias correct using the last baseline cycle (Cycle 20) here, because
previous research has shown that directional biases reduce with training. Unlike previous
studies which had fewer baseline cycles than in this study (Taylor et al., 2014) . Qualitatively
similar results were obtained when we estimated baseline biases from baseline cycle 6, which
is what we did in our previous work (Leow et al., 2016) . In the adaptation, no-feedback, and sizes. Eta-squares between 0.01 to 0.06 were considered small, eta-squares greater than 0.06
but smaller than 0.14 were considered medium, and eta-squares in excess of 0.14 were 2 0 8 considered large (Cohen, 1988) .
To examine the rate of adaptation without the possible confound of intrinsic bias in follows:
where y is the movement direction, x is the trial number, k is the rate constant that
indicates the rate with which movement direction changes, a is the movement direction at
which performance reaches asymptote, and y0 + a is the hypothetical y value when x is zero. One dataset failed to fit to the curve. Independent samples t-tests were used to compare rate
constants from the sham and the stimulation group. We also examined the rate of decay in the no-feedback block by fitting trial-by-trial 2 1 9 movement directions for the no-feedback block to a straight line, as follows:
where y is the movement direction, x is the trial number, slope is the rate constant that To additionally guard against the possibility that individual differences in intrinsic groups, we also quantified adaptation behaviour as a change in performance within each from the first cycle of each block to the last cycle of each block.
3 2
To test whether participants complied to the preparation time constraints throughout 2 3 3 learning, we evaluated temporal error for the preparation time, defined as the error in time that any differences between the stim and the sham TMS groups resulted from individual 2 3 6 differences in baseline ability to adhere to the preparation time constraints, we also quantified the first cycle to the last cycle of each block. Group differences on these change scores were 2 3 9 tested using unequal variance t-tests (Welch's t-test) to compare changes in directional error were used for pairwise differences.
4 2

Results
4 3
We first used t-tests to verify whether initial performance between groups differed in sham and the stim groups did not differ reliably in initial performance at the beginning of the Figure 1 shows cycle-averaged directional errors for each phase (1 cycle=8 trials). results (see Figure 1B )-sham and stim M1 TMS groups did not differ reliably in rate of 2 5 6 error reduction in the adaptation phase t(29) =0.17, p=.86, cohen's d=.06, small effect size).
5 7
In the first cycle of the no-feedback phase, movements remained in the adapted state, group, as slopes were significantly more negative in the stimulation group than the sham feedback phase, visual feedback was returned in the post-adaptation phase.
7 2
Close inspection of Figure 1A suggests that unlike participants who received sham no-feedback block, they showed a return to movements that were more adapted to the 2 7 6 rotation). One possibility is that the return of visual feedback acted as a contextual cue for
retrieval of the motor memory that transiently decayed as a result of disrupting M1 activity. was not reliable, and did not interact reliably with any factor (all p>0.3s). between clockwise and counterclockwise groups. Data from the adaptation phase, no-
feedback phase, and the washout phase were bias corrected by subtracting estimated intrinsic 2 9 1 bias (i.e., mean movement direction from the first 6 baseline cycles). Note that for the no- individual data from the adaptation block. C. Decay rate of trial-by-trial errors from the no standard errors of the mean. As shown in Figure 2A , the analysis of change in directional error detected a of the experiment. T-tests found no reliable differences between groups for any pairwise 
